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BI-DIRECTIONAL TEST SYSTEM FOR
NETWORK ANALYSIS

FIELD OF THE INVENTION

The present 1nvention relates to network test systems, and
more particularly, to test systems for analyzing the perfor-
mance of wide area networks such as cable television
networks used to provide bi-directional communications.

BACKGROUND OF THE INVENTION

The high bandwidth inherent 1n cable television systems
makes such systems attractive candidates for providing
communication links for accessing the Internet. Cable tele-
vision systems provide a high bandwidth communication
path for delivering information from the cable headend to
the cable subscribers. While this bandwidth 1s currently used
primarily for delivering television programming, it can also
be used for delivering information received over the Inter-
net.

The typical Internet user requires a much larger incoming,
bandwidth than outgoing bandwidth. Typically, a user 1s
requesting information from a server on the Internet. The
amount of information returned 1s usually much larger than
the message specilying the information. For example, a user
requesting a file containing a picture sends a message to the
server of only a few hundred bytes of information and
receives back a message containing the file which may be
hundreds of thousands of bytes of information.

This type of communication 1s well suited for cable
television systems. Such systems have low bandwidth paths
from the cable subscribers to the cable headend and high
bandwidth paths from the cable headend to the subscriber.
The low bandwidth paths are currently for ordering pay-
per-view programiming.

In principle, the installation of digital services on a cable
television system requires only the installation of the appro-
priate modem at the subscribers location. However, i most
systems, the low bandwidth path from the subscriber’s
premises to the cable headend has not been tested. The cable
network 1s, 1n general, a tree and branch network with the
cable headend at the root node of the tree and the various
subscribers at the leaf nodes of the tree. The communica-
tions path from the cable headend to the subscriber premises
are, 1n general, known to be functioning properly, since any
communications path problems in this direction are detected
by the user when he or she attempts to watch television.
Further, noise sources at one subscriber’s location do not
interfere with the reception at a second subscriber’s location.

Communications from the subscriber’s premises to the
cable headend are more problematical. The communications
in each direction are 1solated from one another; hence, there
1s no assurance that the path from the subscriber to the cable
headend 1s operational even when it 1s known that the path
from cable headend to the subscriber 1s functioning properly.
The path from the subscriber to the cable headend includes
various amplifiers and couplers which also affect the com-
munications in the direction from the subscriber to the cable
headend. A failure in one of these components can lead to a
failure 1n the communication path from the subscriber to the
cable headend while leaving television reception at the
subscriber 1n tact.

In addition, noise sources at the various subscriber loca-
tions are combined 1n a funneling affect at each branch of the
tree structured network. Hence, the cable headend receives
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a signal that includes the additive noise generated by each
subscriber. Hence, a noise source at one subscriber’s loca-
tion can interfere with communications from all subscriber’s
on the network.

These problems make 1t difficult to debug a new commu-
nication path from the subscriber to the cable headend. A
technician debugging a new service connection in the field
utilizes a testing system having one component at the cable
headend and one component that the technician attaches at
different locations in the communications path. The two
components attempt to communicate with one another to run
various tests designed to isolate problems and align the
system amplifiers. If the subscriber component does not
receive a response to a message sent by 1t to the cable
headend, the technician has no way of determining if the
lack of response 1s due to noise i1n the path from the
subscriber location to the cable headend, a break in that path,
someone has turned the cable headend component off, etc.

Broadly, 1t 1s the object of the present invention to provide
an 1mproved testing system for bi-directional communica-
fion systems.

It 1s a further object of the present invention to provide a
testing system that provides the technician with information
about the source of the problem that leads to a lack of
response to a message from the subscriber location to the
cable headend 1n broadband communication networks and
the like.

These and other objects of the present mvention will
become apparent to those skilled 1n the art from the follow-
ing detailed description of the mvention and the accompa-
nying drawings.

SUMMARY OF THE INVENTION

The present invention comprises a system for analyzing a
bi-directional communication path connecting a headend

station to a remote station. The communication path 1s used
for sending and receiving messages. Messages sent from the
headend station are said to move 1n the forward direction;
whereas, messages sent to the headend station are said to
move 1n the return direction. Messages 1n a forward direc-
fion are sent by modulating a carrier at a forward frequency,
and messages sent 1n a return direction are sent by modu-
lating a carrier at a return frequency. The system includes a
headend unit which sends a sign-on message in the forward
direction from the headend station and a remote unit that
responds to the sign-on message. The headend unit monitors
the return frequency for a response message and measures a
power level for signals received at the return frequency
during the monitoring operation. The headend unit sends an
error message 1n the forward direction 1f no response mes-
sage 1s received on the return frequency, and the power level
1s greater than a threshold value. If an error message 1s sent,
the power spectrum in a frequency range including the
return frequency 1s measured and sent as part of the error
message. If no response message 1s detected and the power
level 1s less than threshold, the sign-on message 1s repeated.
The remote unit monitors the forward communication path
for a response to 1ts message. If an error message 1s detected,
the remote unit displays the power spectrum sent in the error
message.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a cable system 1n which a test
system according to the present invention 1s operating.

DETAILED DESCRIPTION OF THE
INVENTION

The present mvention may be more easily understood
with reference to FIG. 1 which 1s a block diagram of a cable
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television network to which the components of the present
invention are connected. The cable 73 originates at the cable
headend 21. Various subscribers are connected to the cable
via couplers. Exemplary couplers are shown at 51 and 61
which connect subscribers 50 and 60, respectively. The
cable supports bi-directional communication via interface
units. Exemplary interface units are shown at 22, 32, and 42.
Communications at each subscriber location are accom-

plished with the aid of modems such as modem 40.

The present invention includes two types of communica-
tion processing units. The first type of unit, referred to as a
headend unit, 1s coupled to the cable at the cable headend.
A headend unit 1s shown at 20. At each subscriber location
being tested, a remote unit such as remote unit 30 1s
connected. The remote units communicate with the headend
unit to 1nitiate various tests and provide data from the tests
to the service technician.

The headend unit and remote units are preferably con-
structed using programmable microprocessors as shown at
24 and 34. The various functions discussed below are
implemented in software that operates on the microproces-
SOIS.

The operation of the present mnvention 1s based on the
observation that the communication path from the cable
headend to the subscriber premises 1s known to be function-
ing correctly, since the subscriber 1s already receiving tele-
vision programming. Communications from the headend to
the subscriber locations will be referred to as taking place in
the “forward” direction in the following discussion. The
forward direction communications are typically within the
50-550 MHz frequency range of the cable. Similarly, com-
munications from a subscriber location to the headend will
be referred to as taking place in the “return” direction. The
return direction communications typically occupy the 5—40
MHz frequency range of the cable.

Referring again to FIG. 1, headend unit 20, when oper-
ating 1n the test mode of the present invention, periodically
broadcasts a sign-on message and looks for a response
during a defined time period with respect to the sign-on
message on a speciiic frequency. Assume that remote unit 30
wishes to sign onto the system. Remote unit 30 then
responds with a sign-on message. There are four possibilities
from the point of view of headend unit 20. First, headend
unit 20 receives a sign-on response 1n the expected time slot
on the expected frequency. In this case, the headend unit
responds to the sign-on response and performs tests
requested 1n the response and subsequent messages from the
remote unit.

In the other possibilities, headend unit 20 does not detect
a sign-on response. There are three possible reasons for the
lack of a response, either no response was sent or a response
was sent and one of two things happened. Either the return
path 1s not functioning properly, or noise or another carrier
interfered with the transmission. Headend unit 20 distin-
oguishes between these possibilities by measuring the power
in the return path frequency band specified for responses.
When headend unit 20 expects a sign-on message response,
it arms an IF peak detector 23 to measure the energy present
at the return frequency. If headend unit 20 receives a good
message, IF peak detector 23 1s reset. If no message 1s
received, headend unit 20 examines the peak detector level
to determine 1f there was sutficient signal level 1n the return
frequency band to interfere with communications 1n that
band. If there was insuflicient noise to interfere with
communications, headend unit 20 assumes that no response
was sent or that the return 1s not functioning and cycles back
to perform another new user poll (sign-on message).
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If the peak level detected was sufficient to interfere with
communications, headend unit 20 sends a message 1n the
forward direction indicating that the return path had sufl-
cient noise to interfere with communications thereon. In the
preferred embodiment of the present invention, the message
includes a spectral measurement of the entire return fre-
quency path. That 1s, headend unit 20 scans the return
frequency range and measures the power as a function of
frequency 1n that range. This data 1s then included 1n the
message sent 1in the forward direction.

From the point of view of remote unit 30, there are three
possible responses to a sign-on message sent by it 1n the
return direction. First, remote unit 30 could detect a message
from headend unit 20 indicating that headend unit 20
received 1ts sign-on response. In this case, the return path 1s
functioning properly, and the technician can proceed with
various tests mvolving headend unit 20.

Second, remote unit 30 could detect another sign-on
message. In this case, remote unit 30 knows that its response
message did not reach headend unit 20 and the communi-
cation channel did not have sufficient noise to interfere with
communications. This situation indicates that there 1s a
break 1n the return communication path. The technician then
knows that he or she must trace the break.

Third, remote unit 30 could detect an error message which
includes the frequency spectrum discussed above. This
situation can arise from noise on the return path or from a
collision between a response from remote unit 30 and some
other remote unit that was also attempting to respond to the
sign-on message 1n the same time slot. The manner 1n which
such collisions are handled will be discussed 1n more detail
below. If the technician determines that the failure of the
return communication path is the result of noise, the tech-
nician can then search for the source of the noise. The
spectrum 1ncluded in the error message 1s useful 1n tracing
the source of the noise. The remote unit displays the
spectrum to the technician who can then use the spectrum
details to 1dentity the source of the noise by comparing the
spectra observed at various points on the cable with that
received 1n the error message.

As noted above, a return path communication error can
occur as a result of a collision between two or more sign-on
response messages. In the preferred embodiment of the
present invention, the communication protocol between the
headend unit and the remote unit includes a plurality of time
slots for the response messages from the remote units. These
time slots are defined with reference to the sign-on message
sent by the headend unit. Each remote unit wishing to
respond to a sign-on message picks one of these time slots
using an algorithm based on a pseudo-random number
generator. If two remote units happen to pick the same time
slot on any given cycle of the sign-on message protocol, a
collision occurs; however, a second attempt by each unit to
respond to sign-on protocol will most likely result 1in each of
these units picking different time slots and, thus, avoiding a
collision.

Accordingly, 1n the preferred embodiment of the present
invention, a remote unit that sees an error message in the
forward direction after 1t responds to the sign-on message
must determine whether the error 1s the result of a collision
or noise. The remote unit can make this determination by
repeating 1ts response message on the next cycle. If the
remote unit does not succeed 1n establishing communication
with the headend unit after a predetermined number of
attempts, the remote unit assumes that noise, and not
response collisions, 1s the source of the problem.
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In the preferred embodiment of the present invention,
display 33 1n each of the remote units includes indicators
that communicate the status of the cable paths to the
technician. There are a number of possible states for the
system as noted above: the communications path 1s operat-
ing 1n both directions; the communications path 1s function-
ing 1n the forward direction only; the communications path
1s Tunctioning in the return direction only; the headend unit
1s off; the return direction 1s broken; the return direction i1s
failing because of noise or collisions. In the preferred
embodiment of the present invention, an indicator 1s pro-
vided for each of these states so that the technician can
quickly determine the state of the cable.

While the present mnvention has been described 1n terms
of a cable television network, 1t will be apparent to those
skilled in the art that the teachings of the present mnvention
may be applied to any broadband bi-directional communi-
cation path connecting a “headend” station to a “remote”
station. Further, the frequencies described above are
intended to provide examples of communication frequencies
commonly used 1n television cable networks. However, 1t
will be apparent to those skilled in the art that the present
invention may be practiced with a wide range of frequency
assignments.

In the above described embodiments of the present
invention, the remote unit responds on a return frequency. In
the preferred embodiment of the present invention, the
return frequency 1s specifled in the sign-on message. This
allows the headend unit to move the return frequency in the
event that another frequency 1s available and the headend
unit determines that there 1s excessive noise at the current
return frequency. This approach also has the advantage of
not requiring the remote units to be programmed for a
specific return frequency. The remote unit only needs to
know the forward frequency to commence communications.
Since there are a large number of remote units for each
headend unit, any reduction 1n the cost of a remote unit 1s
very desirable.

The above embodiments of the present mvention have
been described 1n terms of the remote unit being connected
at the subscriber premises. However, it will be apparent to
those skilled in the art that the remote unit may be connected
at any point 1n the network to provide information about the
network at the location 1n question.

Various modifications to the present invention will
become apparent to those skilled in the art from the fore-
going description and accompanying drawings.
Accordingly, the present invention 1s to be limited solely by
the scope of the following claims.

What 1s claimed 1s:

1. Amethod for analyzing a bi-directional communication
path connecting a headend station to a remote station, said
communication path being used for sending and receiving
messages, messages 1n a forward direction being sent by
modulating a carrier at a forward frequency and messages
sent 1n a return direction being sent by modulating a carrier
at a return frequency, said method comprising the steps of:

sending a sign-on message 1n said forward direction from
sald headend station;

monitoring said return frequency for a response message,
said response message being sent 1n response to said
sign-on message being received by a remote unit con-
nected to said bi-directional directional communication
path, said monitoring step including determining a
power level for signals received at said return fre-
quency; and
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sending an error message 1n said forward direction 1if no
response message 1s received on said return frequency
and said power level 1s greater than a threshold value.

2. The method of claim 1 wherein said step of determining
a power level comprises detecting the peak power received
in a time 1nterval determined with reference to said sending
of said sign-on message.

3. The method of claim 1 wherein said step of sending an
error message further comprises the step of measuring a
power spectrum 1n a frequency range and sending said
measured power spectrum 1in said error message.

4. The method of claim 1 further comprising the step of
repeating said step of sending said sign-on message 1f no
response message 15 detected and said power level 1s less
than threshold.

5. The method of claim 1 wherein said return frequency
1s speciiied 1n said sign-on message.

6. A headend unit for analyzing a bi-directional commu-
nication path connecting a headend station to a remote
station, said communication path being used for sending and
receiving messages, messages in a forward direction being
sent by modulating a carrier at a forward frequency and
messages sent 1n a return direction being sent by modulating
a carrier at a return frequency, said headend unit comprising;:

means for sending a sign-on message 1n said forward
direction from said headend station;

means for monitoring said return frequency for a response
message, sald response message being sent 1n response
to said sign-on message being received by a remote unit
connected to said bi-directional communication path,
said monitoring means ncluding means for determin-
ing a power level for signals received at said return
frequency; and

means for sending an error message 1n said forward
direction 1f no response message 1s received on said
return frequency and said power level 1s greater than a
threshold value.

7. The headend unit of claim 6 wherein said means for
determining a power level comprises a peak power detector.

8. The headend unait of claim 6 further comprising a power
spectrum analyzer for measuring a power spectrum 1n a
frequency range.

9. The headend unit of claim 8 further comprising means
for sending said measured power spectrum in said error
message.

10. The headend unit of claim 6 wherein said means for
sending a sign-on message further comprises means for
specilying said return frequency 1n said sign-on message.

11. A remote unit for analyzing a bi-directional commu-
nication path connecting a headend station to a remote
station, said communication path being used for sending and
receiving messages, messages in a forward direction being
sent by modulating a carrier at a forward frequency and
messages sent 1n a return direction being sent by modulating
a carrier at a return frequency, said remote unit comprising;

means for monitoring said forward frequency for a sign-
ON Message;

means for sending a response message 1n response to said
sign-on message; and
means for monitoring said forward frequency for an error
message mncluding a frequency spectrum, and means
for displaying said frequency spectrum.
12. The remote unit of claim 11 wherein said means for
sending a response message comprises means for determin-
Ing a response frequency from said sign-on message.
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